We investigated the presence of b-lactamase genes (bla) in 26 strains of Enterobacteriaceae already found positive for the qnrS1 gene, a plasmid-mediated quinolone resistance determinant. Three strains of K. pneumoniae, isolated in the period [2008][2009] at the University Hospital in Verona, were positive for LAP-2, a narrow-spectrum b-lactamase. These strains, namely VRB586, VRE185 and VRE196, were cultured from urine, bile and peritoneal drainage, respectively, of different patients from different units. The bla LAP-2 and qnrS1 resistance determinant genes were separated by ISEcl2 and were located on a 97 kb conjugable and untypable plasmid, which could be transferred to a recipient strain, E. coli J53. The fluoroquinolone and ceftazidime MICs increased 1-2-fold in the transconjugant cells. The three K. pneumoniae strains were found to be clonal by PFGE and were identified as belonging to ST147, an internationally successful clone, by MLST. The plasmid sequence, including ISEcl2 and qnrS1 genes, of K. pneumoniae ST147 was found to be highly similar to previously detected qnrS1-harbouring plasmids, suggesting the plasmid has a stable genetic structure and that these resistance determinants have a common source. To the best of our knowledge, this is the first report of the internationally successful K. pneumoniae ST147 strain carrying bla LAP-2 and qnrS1 genes and is the first case of LAP blactamase in Italy.
INTRODUCTION
Increasing antibiotic resistance in Enterobacteriaceae is of great concern worldwide. Widely distributed resistant strains and resistance plasmids capable of horizontal transfer play a major role in the dissemination of resistance determinants (Woodford et al., 2011; Carattoli, 2011) .
Regarding Enterobacteriaceae, resistance towards b-lactams and fluoroquinolones is a leading clinical problem since these two antibiotic groups are the front line for treatment. The hydrolysis mechanisms that facilitate resistance to blactams in Gram-negative pathogens have been well described (Bush & Fisher, 2011) . In the past few decades, several classes of b-lactamases have been discovered; among them is LAP b-lactamase, which belongs to Ambler class A and shows a narrow hydrolysis spectrum against b-lactams inhibited by clavulanic acid (Poirel et al., 2006) . To date, two variants of this enzyme have been described (Poirel et al., 2007; Huang et al., 2008) . Enterobacter strains carrying the bla LAP-1 gene have been reported in Spain, Algeria and Korea (Cano et al., 2009; Iabadene et al., 2008; Park et al. 2009 ) while the bla LAP-2 gene has been detected in isolates of species of the genera Klebsiella, Enterobacter and Salmonella from China, Tunisia, Norway and the Netherlands (Dahmen et al., 2010; García-Fernández et al., 2009; Karah et al., 2010; Wang et al., 2009) . A report from Taiwan analysed a pK245 plasmid where the qnrS1 plasmid-mediated quinolone resistance gene was present with a narrow-spectrum blactamase, later identified as bla LAP , in a Klebsiella pneumoniae clinical isolate (Chen et al., 2006) . The dissemination of internationally successful clones, such as K. pneumoniae ST147, which do not belong to CC258, is also worrying, since they often carry resistance plasmids and harbour resistance genes, such as bla VIM-1 , bla VIM-27 , bla NDM-1 , bla KPC-2 and bla CTX-M-15 , as well as plasmidmediated quinolone resistance genes qnrA1 and qnrB1 (Damjanova et al., 2008; Giakkoupi et al., 2011; Papagiannitsis et al., 2011; Poirel et al., 2011; Samuelsen et al., 2011) . The aim of the present study was to investigate the association between the qnrS1 gene and b-lactamase genes and to characterize K. pneumoniae strains and plasmids carrying LAP-2 b-lactamase genes together with qnrS1.
METHODS
Strains. In the period of [2008] [2009] 26 Enterobacteriaceae clinical isolates (10 Escherichia coli, 15 K. pneumoniae and one Proteus mirabilis) were investigated. All of them were resistant or had reduced susceptibility to fluoroquinolones and/or were resistant to third generation cephalosporins, according to the latest EUCAST documents (http://www.eucast.org/clinical_breakpoints/ version 2.0). The strains were selected because they were found to be positive for the qnrS1 gene in a survey for plasmid-mediated quinolone resistance determinants in north-east Italy. Table 1 shows the reported data and source of isolation of the strains.
PCR and sequencing of resistance genes.
Detection of b-lactamase genes. All the strains were analysed by PCR with specific primers and appropriate thermal profile for the detection of b-lactamase genes, namely bla TEM , bla SHV , bla CTX-M , bla OXA , bla VIM , bla VEB and bla LAP (Huang et al., 2008; Dallenne et al., 2010; Sambrook et al., 1989; Schlesinger et al., 2005) . Purification of positive PCR products was carried out (QIAquick PCR Purification kit, Qiagen) and sequencing was performed (Eurofins MWG Operon Ebersberg, Germany). The DNA sequences obtained were compared with nucleotide sequences in GenBank using the BLAST program of the National Center for Biotechnology Information (http://blast.ncbi. nlm.nih.gov/Blast.cgi).
PCR mapping of bla LAP-2 and qnrS1 genetic structure. Analysis of the nucleic acid sequences surrounding the bla LAP-2 and qnrS1 genes was performed by PCR using the primers LAP fwd and qnrS rev (TAAATTGGCACCCTGTAGGC) with a thermal profile of 93 uC for 1 min, 53 uC for 1 min and 72 uC for 3 min for 40 cycles with a final elongation step of 72 uC for 10 min. We obtained a 2600 bp product and after sequencing on both strands it was analysed by using the NCBI BLAST program.
Two additional primers were designed by using the tools of Eurofins MWG Operon (http://www.eurofinsdna.com/de/home.html) to recognize the complex genetic material separating the bla LAP-2 and qnrS1 genes, namely Ins LAP fwd: 59-TGGATGATAGCGGA TAAAACAG-39, used in combination with qnrS rev and Ins LAP, rev: 59-GCCAATGCAAGAGCGATAG-39, used with LAP fwd. The PCR was performed using the following thermal profile: 93 uC for 1 min, 53 uC for 1 min and 72 uC for 3 min for 40 cycles with a final elongation at 72 uC for 10 min. The PCR products obtained were sequenced and analysed by the BLAST program of the NCBI.
Analysis of quinolone resistance determining regions (QRDRs).
PCR and sequencing of the QRDRs of the gyrA and parC genes were carried out in all the LAP-2-positive strains by using primers and conditions previously reported (Brisse & Verhoef, 2001; Weigel et al., 1998) .
Characterization of plasmids carrying bla LAP-2 and qnrS1 genes.
Conjugation experiment. A broth mating assay was performed, in which E. coli J53 Azide R cells were used as recipients and qnrS1-and bla LAP-2 -positive K. pneumoniae strains were used as donors. An inoculum of each donor strain with an OD 600 of 0.6 was combined Southern blot. The localization of the bla LAP resistance gene was analysed by using a LAP probe, incorporating digoxigenin-11-dUTP (Roche), on plasmid extractions of clinical strains and its transconjugant. Each plasmid extraction was carried out by using a QIAprep Spin Miniprep kit (Qiagen) and run in a 0.6 % (w/v) agarose gel (Sigma), blotted on a positively charged nylon membrane and hybridized with the specific probe. Chemiluminescense detection film was developed following the manufacturer's protocol (Roche). S1 nuclease digestion. Whole genomic DNA of clinical strains and transconjugants was digested with S1 nuclease (Sigma) and run in CHEF DR pulsed field electrophoresis system (Bio-Rad). The system was run with a 120u angle, pulse times of 5-25 s for 6 h and 30-45 s for 18 h, at 6 V cm 21 and at 14 uC to size large plasmids (Barton et al., 1995; García et al., 2005) .
Plasmid incompatibility. PCR-based replicon typing was performed to detect the incompatibility groups of plasmids using primers and thermal profiles described previously (Carattoli et al., 2005; García-Fernández et al., 2009 ).
Clonality analysis of strains.
Pulsed-field gel electrophoresis (PFGE). Plugs were prepared in agarose blocks for each strain and digested with 30 units of XbaI (Sigma) overnight at 37 uC and run in a CHEF DR pulsed field electrophoresis system (Bio-Rad) at 6 V cm 21 , a 120u angle, and a 2 s initial switch time followed by a 35 s final switch time for 21 h.
Multilocus sequence typing (MLST).
Strain genotyping was performed to determine the sequence type (ST) of the isolate. Sequences of seven housekeeping genes were obtained, rpoB, gapA, mdh, pgi, phoE, infB, tonB, and allelic numbers were obtained on the basis of the Klebsiella pneumoniae MLST Database (http://www. pasteur.fr/recherche/genopole/PF8/mlst/Kpneumoniae.html). Table 1 shows all the b-lactamases detected in the 26 qnrS1-positive isolates. In E. coli, bla TEM-1 (7/10) was the most prevalent b-lactamase gene followed by bla CTX-M-15 (4/10) and bla OXA-1 (4/10), while strains of Klebsiella carried predominantly bla VIM-1 (5/15) and bla SHV-12 (6/15) genes. The P. mirabilis strain harboured the bla TEM-52 gene. From this, we could confirm the previously reported correlation between the presence of qnrS1 and bla VIM-1 genes for one E. coli strain and five Klebsiella strains (Aschbacher et al., 2008) , we also detected a strong association between the qnrS1 gene determinant and ESBLs in general.
RESULTS

Detection of resistance genes
Our survey found three K. pneumoniae strains, namely, VRB586, VRE185 and VRE196, which were all positive for the bla LAP gene by PCR; sequence analysis identified it as a bla LAP-2 gene. K. pneumoniae strain VRB586 was isolated from urine from an out-patient, while the other two strains, VRE185 and VRE196, originated from bile and peritoneal drainage, respectively, from hospitalized patients in general surgery. K. pneumoniae strains VRE185 and VRE196 also harboured a bla CTX-M-15 gene, while strain VRB586 was found to be positive for bla SHV-12 as well.
The complex genetic material surrounding the bla LAP-2 and qnrS1 genes was investigated by PCR mapping and sequencing with primers designed in this study. The sequence of the genetic context was analysed and confirmed that bla LAP-2 gene is located upstream of qnrS1 and the two resistance determinants are separated by ISEcl2.
Plasmid carrying bla LAP-2 and qnrS1 genes Conjugation experiments detected transconjugants and showed that bla LAP-2 and qnrS1 genes are harboured on a conjugative plasmid, while transconjugants were negative by PCR for bla CTX-M-15 and bla SHV-12 genes. MICs for clinical strains and their transconjugants are reported in Table 2 . The MICs of fluoroquinolone for transconjugants increased twofold, confirming that the qnrS1 gene confers low-level resistance. In the clinical strains, Ser83Ile, a substitution mutation in the gyrA gene, was also detected. This classic substitution contributes to fluoroquinolone resistance in such clinical strains. No other mutations were detected in QRDRs.
b-Lactam MICs for the transconjugants did not increase except for ceftazidime (1-2-fold increase) and this can be explained by the fact that the bla CTX-M-15 and bla SHV-12 genes were not transferred and are located in a different plasmid that was not selected by ciprofloxacin.
PCR-based replicon typing found that the three strains were positive only for the ColE incompatibility group of plasmids, which are low molecular mass non-conjugative plasmids. The S1 nuclease digestion found three high molecular mass plasmids of 390 kb, 194 kb and 97 kb, which were common in all the clinical strains; this suggests that they were untypable. The PCR-based replicon typing of transconjugants was negative for ColE plasmids, confirming that the bla LAP-2 and qnrS1 genes were carried on one of the untypable plasmids. Using S1 nuclease digestion, we demonstrated that transconjugants carried only the 97 kb plasmid, confirming that this mobile genetic element harbours the bla LAP-2 and qnrS1 genes. Southern blot plasmid analysis (data not shown) of clinical strain VRE196 and its transconjugant performed with a bla LAP-2 probe confirmed that this gene is located on the conjugative plasmid.
Clonality analysis
PFGE showed identical pulsotypes for the three K. pneumoniae strains and genotyping by MLST identified them as ST147.
DISCUSSION
In conclusion, we report what is believed to be the first detection of bla LAP-2 and qnrS1 resistance determinant in the internationally successful K. pneumoniae ST147 and the first case of LAP b-lactamase detected in Italy. This study identified a 97 kb transferable plasmid carrying the qnrS1 quinolone resistance gene combined with the bla LAP-2 narrow-spectrum b-lactamase gene in the same genetic context. The nucleic acid sequence including ISEcl2 and the qnrS1 gene showed 99 % sequence similarity with previously described qnrS1-harbouring plasmids, notably, with pINF5 from Salmonella enterica serovar Infantis, and with pK245 and pHS8 from K. pneumoniae (Chen et al., 2006; Hu et al., 2008; Kehrenberg et al., 2006) . This high similarity with various plasmids suggests a stable genetic structure and a potential common source of the qnrS1 resistance determinant. Further dissemination of the transferable plasmid detected in our study should be taken into consideration due to the combined effect of the two resistance determinants. Although LAP-2 is a narrowspectrum b-lactamase it may extend its hydrolysis spectrum by acquiring a single mutation. The qnrS1 resistant determinant maintains low-level fluoroquinolone resistance in bacteria harbouring this plasmid and the exposure of the bacterial host to sub-MICs facilitates selection to produce higher level resistance. This phenomenon needs more attention since using MIC values alone for detecting resistance underestimates the significance of their presence, while their contribution to the development of resistance is relevant. 
